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Abstract
The purpose of this study was to describe antecedents and characteristics of same level fall
injuries. Fall incidents and costs were compiled from the Bureau of Labor Statistics and other
sources from 2006–2010. This study indicated that over 29% of “fall on same level” injuries
resulted in 31 or more workdays lost. The major source of injury was “floors, walkways or ground
surfaces” and the most affected body parts were the lower extremities and the trunk. In regards to
gender and age, female workers had the highest risk of falls, while advancing age coincided with
an increase in incidence rates. Overall, workers in the health care and social assistance industry,
the transportation and warehousing industry, and the accommodation and food services industry
had the highest risk for “fall on same level” injuries. Furthermore, the overall compensation cost
increased 25% from 2006–2009. Along with existing evidence, these results may facilitate the
design and implementation of preventative measures in the workplace and potentially reduce fall-
related compensation costs.
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Introduction
Injuries associated with fall accidents pose a considerable threat to the United States in
terms of both human suffering and economic losses. According to the Bureau of Labor
Statistics, the three most frequent fatal injuries are highway incidents, falls, and homicide
(Bureau of Labor Statistics 2010a). Approximately, nine out of ten nonfatal occupational
injuries result from three events: bodily reaction and exertion, contact with objects and
equipment, and “fall on same level” (Bureau of Labor Statistics 2008). For the first time in
the history of the industrialized world, the combined cost of all fall related occupational
injuries surpassed overexertion injuries caused by excessive lifting, pushing, pulling,
holding or throwing an object with a significant burden on our economic system (National
Safety Council 2006) and are responsible for a significant proportion of worker absenteeism
(Courtney et al. 2001, Courtney and Webster 2001). The annual direct cost of occupational
injuries due to falls in the U.S. is expected to exceed $43.8 billion by the year 2020
(Englander et al. 1996).
Although the elements behind occupational fall accidents are not yet fully understood, a
number of demographic, lifestyle, and workplace factors have been linked with risk of injury
in an occupational accident (Swaen et al. 2004, Laflamme et al. 1996, Chipman 1995, Frone
1998, Wells and Macdonald 1999, Leistikow et al. 2000, Frank 2000, Nag and Patel 1998).
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Successful interventions for reducing falls require a comprehensive knowledge of the
mechanisms involved. The present study describes the characteristics of occupational fall
accidents, the initiating events, and the final outcome leading to injury and disability.
Moreover, because of the growth trends in occupational “fall on same level” incidents, the
nonfatal occupational injury category related to this event is of particular interest. Hence, the
objective is to describe occupational “fall on same level” injuries in U.S. private industries,
categorized by the following factors: major U.S. industry, nature of injury, source of injury,
types of exposures or events, part of body injured, occupation, age of injured, gender of
injured, the number of days away from work due to fall related injuries, time of fall
occurred, and finally, the cost of these injuries.
Methods
Information and costs accompanying non-fatal incidents were compiled from two sources:
the U.S. Bureau of Labor Statistics (BLS) and the Liberty Mutual Research Institute,
Workplace Safety Index (WSI). The data we accessed are available at the Bureau of Labor
Statistics (Bureau of Labor Statistics, 2012) and Liberty Mutual Research Institute website
(Liberty Mutual, 2010).
The U.S. Bureau of Labor Statistics National Data
The BLS compiles national data on nonfatal occupational injuries and illnesses in the private
industry from the Survey of Occupational Injuries and Illness (SOII) and estimates the
overall occupational injury and illness experience (Bureau of Labor Statistics 2011). The
BLS categorizes four main events or exposures in fall-related injuries: “fall to lower level”,
“fall on same level”, “jump to lower level”, and “unspecified” events. “Fall on same level”
events occur when contact with the source of injury is made on the same level or above the
surface supporting the injured person. “Fall to lower level” events transpire when the source
of injury makes contact below the surface level supporting the individual. Conversely,
“jump to lower level” events arise when the injured person voluntarily leaps from an
elevation; albeit to avoid an uncontrolled fall or other injury. Events peripheral to these
categories are labeled “Unspecified.” To estimate the impact of “fall on same level,” and
consequently overall occupational fall injuries in the U.S., “slip, trip, loss of balance without
fall” injuries were also included. “Slip, trip, loss of balance without fall” were classified
under the bodily reaction event category, in the Occupational Injury and Illness
Classification Manual (OIICS 2007), where a worker slipped, stumbled, mis-stepped but did
not fall. (The title was switched to OIICS 2.0 after the coding structure underwent a
comprehensive revision in 2010. Under this new structure, the BLS moved “slip, trip, loss of
balance without fall” events out of the overexertion category and into a new category titled,
“slips, trips, and falls”). “Slip, trip, loss of balance without fall” was estimated by using
BLS’ yearly tables entitled “Table R4.”
Nonfatal injuries and illness-related work absences are classified by: nature, source, injured
body part, age, gender, occupation, race, time when injury occurred, and length of service
involving one or more days away from work (DAFW). Agricultural establishments with
fewer than 11 employees, self-employed individuals, and federal government employees are
excluded from the survey. The present study is a compendium of fall-related injury data
based on the SOII, between the years 2006 and 2010. The BLS tables were examined to
extract physiologically meaningful injury statistics relevant to occupational falls and provide
the number of incidence, percentage (%), and incidence rate; where incidence rate embodies
the number of injuries per 10,000 full-time workers. Specifically, the number of cases and
percent distribution of fall injuries involving DAFW were extracted from the BLS yearly
supplemental table entitled “TABLE 3 Number, percent distribution, and median days away
from work for nonfatal occupational injuries and illnesses involving days away from work
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by selected worker and case characteristics and falls.” Incidence rates for “fall on same
level” injury, part of body, source, occupation, age group, and gender were estimated from
tables R8, R24, R30, R100, R110, and R111 respectively, for each studied year.
Furthermore, percent distribution of number of DAFW, time of day injury occurred, and
affected industry were mined from table R70, R90, and R113 respectively.
The Liberty Mutual Research Institute worker compensation data
The worker compensation costs of fall-related injuries were derived using the Liberty
Mutual Research Institute, Workplace Safety Index (WSI). The WSI consolidates serious
nonfatal workplace injuries and identifies the explicit causes behind the events. WSI was
developed by applying annual Liberty Mutual workers’ compensation claims cost data to the
workplace accident frequency information provided by the U.S. Department of Labor’s
Bureau of Labor Statistics. The data were then applied to national estimates of the cost of
workers’ compensation benefits from The National Academy of Social Insurance, which
includes information from a broad range of workers’ compensation insurance companies.
Using injury event definitions developed by the BLS, the Liberty Mutual Research Institute
amasses injury data associated with employees missing six or more days from work, and
ranks them by total worker compensation costs (Liberty Mutual 2010). The information
obtained from BLS tables were used in conjunction with the workers’ compensation cost to
identify as many specific details as possible about the circumstance of “fall on same level”
events to further delineate conditions that might have contributed to these injuries.
Results
Table 1 specifies the 5-year period from 2006 to 2010, where approximately 5.32 million
work-related nonfatal injuries involving DAFW occurred in the United States; more than
21.6% (1.14 million) of these accompanied falls. Subsequently, “slip, trip, loss of balance
without fall” induced 170,270 injuries, contributing to around 3.2% of overall annual private
industry injuries. The percentage of fall-related injuries classified by four main events
involving DAFW from 2006 to 2010 is illustrated in Figure 1. Table 2 encompasses
occupational injuries, overall fall injuries and fall-related injuries involving DAFW in the
private industry. Among the fall events, “fall on same level” cases correlated with the most
fall-related injuries, including an average of 66.2% of total occupational falls. “Fall to lower
level” cases were a distant second, with an average of 29.8%. Workers during this period
were two times more at risk of “fall on same level” injuries than “fall to lower level”
injuries, with an average incident rate of 16.5 to 7.4 over the 5 years period.
Table 3, section A shows that female workers experienced a greater distribution of “fall on
same level” injuries involving DAFW compared to their male counterparts (55.7% female;
44.3% male). In particular, female employees were two times more at risk than male
employees over the five year period, with incidence rates of 22.0 and 12.5 respectively. In
table 3, section B, workers between 45–54 years of age had the most fall-related injuries
involving DAFW, with an average of 27.2%. The 55–64 and 35–44 age groups were the
second and third largest fall populations with an average of 21% and 20.3%, respectively.
The combination of these groups, ages 45–64 years, gave a total of 48.2% injuries associated
with “fall on same level” accidents and indicates that the incidence rate of falls increases
with advancing age. The incidence rate for falls was highest among persons 65 years and
older with 34 falls per 10,000 workers, compared to the younger 25–34 year-old age group
consisting of 11 falls per 10,000 full-time workers. The percentage of fall-related injuries
among selected occupational specialties is shown in Table 3, section C. Overall, workers in
the transportation and material-moving occupation had the highest amount of injuries
associated with “fall on same level” events that involved DAFW, with an average of 15.1%
of total falls. In addition, workers in food preparation and serving, along with the office and
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administration support occupation, amassed the second and third highest percentage of
injuries, with 10.5% of “fall on same level” injuries. The office and administration support
occupation comprises the following major groups: Switchboard Operators; Bill and Account
Collectors; Clerks; Cargo and Freight Agents; Police, Fire, and Ambulance Dispatchers;
Postal Service Mail Carriers; Computer Operators. In regards to incidence rates, healthcare
support workers represented the highest rate of same level occupational fall-related injuries;
equaling 41.7 falls in every 10,000 workers. The building and grounds cleaning and
maintenance occupation was a close second with 40 falls, followed by the transportation and
material-moving occupation with 30.5 falls.
Table 3, section D lists types of industries frequently involved in “fall on same level”
injuries involving DAFW. The accommodation and food services industry has the highest
number of falls with an average of 21.6% over the past five years, followed closely by the
health care and social assistance industry with 20.1%; the retail trade industry with 15.4%.
Figure 2 illustrates the incidence rate of the affected industries in “fall on same level” related
injuries. The workers in transportation and warehousing sector are at high risk of falls with
an average of 28.1 falls in every 10,000 workers. Healthcare and social assistance workers
are the second highest with an incidence rate of 27.9 falls per 10,000 workers. The industries
such as accommodation and food services (Incidence rate per 10,000 workers: 21.9); retail
trade (19.1) and agriculture, forestry, fishing and hunting (18.9) experienced higher fall rates
than the construction industry (15.3). Table 3, section E shows the length of service with the
employer when the fall accident transpired. Workers exceeding a year of employment
experienced more than 70% of fall accidents, while workers with under a year of
employment endured considerably less (about 28.8%).
Table 4 summarizes the consequences of occupational “fall on same level” injuries
involving DAFW. The lower extremities, which include the knees, feet, and toes, were the
most affected areas with an average of 30.7% of total fall-related injury categories.
Likewise, the trunk, which encompasses both the shoulder and back, was the second most
injured body part, with an average of 25.6%. The BLS uses the classification “multiple body
parts” for any injury in which body parts from two or more divisions of the body are injured.
Workers injured multiple body parts ranked third with approximately 21.8% of overall
injuries (Table 4, section A). The BLS defines source of injury as “the objects, substances,
equipment, and other factors responsible for the injury or illness incurred by the worker or
that precipitated the event or exposure” (U.S. Department of Labor Bureau of Labor
Statistics 2012). The sources of injuries associated with “fall on same level” incidents are
detailed in Table 4, section B. Amongst these sources, the majority, i.e., 87.9%, resulted
from floors, walkways or ground surfaces, while the sum of the remaining causal factors
only culminated in 12.1% of injuries. Work absences as a direct result of injuries incurred on
the job are presented in Table 4, section C. The data shows that nearly 30% of “fall on same
level” injuries resulted in a loss of 31 or more workdays.
Table 5 summarizes the compensated cost for the top ten most serious workplace injuries
and “fall on same level” related injuries. The top 10 causes of workplace injuries includes
overexertion, falls on same level, bodily reaction, falls to lower level, struck by object,
repetitive motion, highway incident and others. The results show that over the 4-year period
from 2006 to 2009, compensation costs grew 25% ($6.4 billion in 2006 to $7.9 billion in
2009) for the falls on the same level injuries.
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Impact of “fall on same level” occupational fall injuries
Although the number of overall occupational injuries involving DAFW decreased by
250,300 over the 5-year period (1,183,500 cases in 2006 to 933,200 cases in 2010), the
percentage of overall fall injuries, including “fall on same level”, “fall to lower level”,
“jump to lower level”, and other fall related events, actually increased incrementally from
19.8% in 2006 to 22.3% in 2010. Furthermore, the percentage of “fall on same level”
injuries also increased in that manner from 12.8% in 2006 to 15% in 2010 (Table 1). The
aforementioned decrease is likely a ramification of the high unemployment rate during this
period as the unemployment rate in 2004 was a modest 5.5%, but rose to a staggering 9.3%
in 2009 (BLS 2012). Thus, the injury percentage of “fall on same level” accidents increased
as it relates to overall occupational falls regardless of the unemployment rate. The results
suggest that “fall on same level” related occupational injuries contribute to more than 14%
of overall occupational injuries, and might be higher if we consider the number of “slip, trip,
loss of balance without fall” related injuries involving DAFW (around 3.2% of overall
annual private industry injuries) which may lead to a fall incident. The finding on the
incidence rate among fall events shows that “fall on same level” events incur more injuries
than “fall to lower level” events by more than two-fold.
Characteristics of injured workers
Gender—Female workers experienced a greater distribution and incidence rate of “fall on
same level” injuries involving DAFW compared to their male counterparts. The rationale
behind this can vary, but the difference in types of occupations between the two genders
might be a contributing factor. Workers in food preparation and serving, along with the
office and administration support, and healthcare support contributed to more than 28% of
“fall on same level” related injuries, which are commonly female occupations. Additionally,
some believe that the task related factors are involved, i.e., load handling, patient lifting,
rushing, risk-taking, physical exertion, and complexity of task, might increase the risks of
fall (Gauchard et al. 2001, Lipscomb et al. 2006, Gao et al. 2008). Care-givers or nurses fell
during patient transfers and when saving patients from a fall (Kemmlert and Lundholm
2001). Kemmlert and Lundholm (1998) also found that female healthcare workers had
higher STF injury rates than male healthcare workers. Another factor might be pregnancy.
Several studies have indicated that falls are a leading cause of maternal injury among
pregnant women (Weiss et al. 2008, Schiff et al. 2002, Kuo et al. 2002). This is likely due to
the musculoskeletal changes in a woman’s body during pregnancy (i.e. increased joint and
ligament laxity from hormonal changes) and shifts in the body’s locus of balance from
increasing body weight and changing center of gravity (Evenson et al. 2009, Ireland and Ott
2000, Butler et al. 2006). Furthermore, women in general are tasked with jobs that require
formal wear and high heels as part of the dress code, i.e., in office and administration
support occupation. With respect to shoe type, numerous safety organizations have cited
high heels as a risk factor for slips and falls (Merrifield 1971, Snow and Williams 1994,
Opila-Correia 1990). The correlation between high heels and increased potential for slipping
suggests that the friction demand may be greater with high heels than with low heel shoes.
For the purposes of the present study, the results obtained here solely reflect the overall
same level fall injuries related to gender and did not detail this parameter on specific
industries. Previous investigations have shown that construction falls were the most
prevalent for male workers, whereas most female worker falls occurred in the services
industry (Bunn et al. 2007). Therefore, the result highlights the need for more research to
identify work-related exposures that influence the risk of fall in female workers
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Age—The labor force of the United States is growing older. This aging is largely credited
to the population growth during the baby-boom era. The average retirement age is also
expected to increase, due in part to a healthier older population, declining age
discrimination, and gradual increases in age for collecting full social security benefits
(Dohm 2000). These demographics suggest that issues of aging will become more prominent
in occupational safety and health research of the future (Layne and Pollack 2004). This is
distressing as our results reported older workers have higher rates of slips, trips and falls
(STF) involving DAFW accidents than younger workers, as has been reported elsewhere
(Laflamme and Menckel 1995, Kemmlert and Lundholm 1998, Kemmlert and Lundholm
2001). Courtney et al. 2001, for instance, reported that the incidence rate corresponding with
fall-induced fatalities increased sharply at 55 years of age and subsequently peaked in
workers aged 65 and older. The consistency in these results and the aforementioned
investigations suggests that fall accidents among the elderly may be related to age-related
deterioration in the visual, proprioceptive, and vestibular signals concerning postural control
(Lockhart et al. 2002, Lockhart et al. 2003).
Occupation and Industry—Slips and falls have been documented elsewhere as an
important source of injury in jobs such as truckers and drivers (Nicholson and David 1985).
The Miller study in 1976 indicated that about one-fourth of all truck driver injuries in the
U.S. are associated with slips and falls in and around the truck (Miller 1976). While in 1997,
the bureau of motor carrier safety, Federal Highway Administration, found that 54% of truck
slip and fall accidents happen on the tractor and 46% on the trailer (Federal Highway
Administration 1997). Workers in food preparation and serving amassed the second highest
percentage of injuries, this occupation include: cooks, food preparation workers; bartenders,
waiters and waitresses; food servers and dishwashers. The results presented here are
consistent with previous studies in which STF are one of the most common injuries in food
services (Filiaggi and Courtney 2003, Courtney et al. 2005, Wellman et al. 2005, Alamgir et
al. 2007, Bureau of Labor Statistics 2007). Common sources of slippery floors in restaurant
environment include dishwashing overspray or runoff, leaking equipment or pipes, food
debris, and spillage from transport of open containers (such as those holding fryer grease
and food wastes) (Filiaggi and Courtney 2003). According to the Cotnam et al. (2000), the
healthcare industry is the largest employer in the United States (13 million employees) and
ranks second among eight industries as having the highest percentage of claim costs
associated with “falls on the same level.” Some believe that this high percentage of falls is
indicative of their work environment, i.e., floor resistance, external environmental
conditions and footwear (Veazie et al. 1994, Bell et al. 2008, Bentley and Haslam 1998).
Additionally, the nature of the work in these occupations or industries requires load carriage
and numerous studies have reported load carrying to be associated with an abnormal gait
pattern and increased heel slip distance after heel contact, hence increase risk of falls (Qu
and Nussbaum 2009, Zultowski and Aruin 2008, Heller et al. 2009, Schiffman et al. 2006,
Kincl et al. 2002, Park et al. 2010).
Length of service—The results show that workers exceeding a year of employment
experienced more than 70% of fall accidents involving DAFW, while workers with under a
year of employment endured considerably less (~28.8%). These findings suggest that
employers could benefit by implementing an annual training program to employees that
reinforces safety awareness to prevent employees from future fall-related injuries. For
example, employers are recommended under title 30 Code of Federal Regulations Part 46.8
to provide each miner with no less than 8 hours of annual refresher training on fall
prevention and protection (U.S. Department of Labor, 2011). Although the incident rates are
not available, studies elsewhere (Breslin and Smith 2006, Chau et al. 2010) have reported
that workers with shorter job tenures have higher injury rates than workers with longer job
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tenures. For example, Chau et al. (2010) reported that the relative risk decreased steadily
with increasing length of service within the company; from 2.6 for 1 year to 1.0 for >30
years in railway workers. Their findings suggest that direct experience in specific
occupations is vital.
Consequences of occupational nonfatal “fall on same” level related injuries
Part of body injured—Our study indicates that the majority of “fall on same level”
injuries involving DAFW were affiliated with the lower extremities. Similar results were
obtained in other papers dealing with occupational ladder fall accidents (Cohen and Lin
1991, Cattledge et al. 1996). Although the fall accidents reported in this study are nonfatal
injuries, it can still cause serious harm, such as bone fractures, back injuries, concussions or
permanent disability (Courtney and Webster 2001, Courtney et al. 2002). The correlation
between aging and skeletal fractures, particularly female worker “fall on same level” related
injuries, cannot be underestimated as several studies have reported that women aged 45
years and above are at increased risk of fracture due to falls (McNamee et al. 1997, Stevens
and Sogolow 2005, Cherry et al. 2005).
Source of injury—Numerous countermeasures that could potentially reduce fall-related
injury accidents include: slip-resistant shoes, floor surfaces, mats, waxes, prompt cleaning of
spillage and debris, keeping stairs and walkways clear, improving lighting, adding handrails
and clearing ice and snow (Lewis 1997, Labar 1998, Morrison 1999). In 1985, Ballance et
al. documented a reduction in the number of reported injury incidents involving “falls on the
same level” after replacing wood and ceramic flooring with less slippery tiles and carpet
with higher coefficients of friction. Similarly Manning et al. (1988) suggested that one of
every four STF injury incidents could have been prevented by cleaning up spills and objects
on the floor. Researchers have been working towards establishing safe floor resistance
standards since the 1920’s utilizing the tribological approach (Biel 1920). Tribology deals
with surface dissipative processes in terms of the hydrodynamics and viscoelastic
characteristics of contaminants and the shoe/floor interface. The tribological approach to fall
prevention has concentrated on setting safe static and dynamic coefficient of friction (COF)
limits for ambulation (Chang et al. 2008, Redfern et al. 2001, Gronqvist et al. 2001).
However, many conflicting ideas of dynamic vs. static coefficient of friction, lack of
standard or law that requires that a floor must have certain level of slip resistance, and ever-
changing environmental conditions (associated with keeping the COF levels constant)
hamper development in this area, and remains to be an important and critical task in the
future.
Number of days away from work—Previous investigations from 1999–2001 only
reported an average of 26.7% of injuries that culminated in 31 or more workday absences
(Yoon and Lockhart 2005). This increase in days away from work suggests that the
consequences of “fall on same level” injuries are becoming more serious and that additional
time is needed to recover. Additionally, previous studies also suggest that older workers take
longer to return to work than their younger colleagues (Centers for Disease Control and
Prevention 2011, Butler et al. 1995, Rogers and Wiatrowski 2005) and that an increasing
number of Americans have already begun delaying retirement to work longer. For example,
between 1993 and 2009, labor force participation rates in the 65–69 year age group
increased from 25% to 36% for men and from 16% to 27% for women (Bureau of Labor
Statistics 2010b); furthermore, workers in the 55 years and older age group are projected to
increase from 17% in 2006 to nearly 23% by 2016 (Toossi 2007, Garr 2009, Musich et al.
2009). We believe that with the increase in aging workers in our society, fall-related injuries,
especially “fall on same level” injuries, need to be addressed.
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Compensation cost of occupational falls on the same level
The National Safety Council reported that falls are the leading cause of death in the
workplace and source of more than 20% of all disabling injuries (National Safety Council
2002). Although the overall frequency of non-fatal “fall on same level” events decreased,
the proportion of occupational “falls on the same level” injuries increased from 12.8% in
2006 to 15.0% in 2009 (2.2% during these 5-years period). Moreover, same level falls have
consistently ranked second among the top 10 causes of serious workplace injuries in the
United States (Liberty Mutual Workplace Safety Index, 2000–2010). Additionally, the costs
of fall-related accidents are high since debilitating fall injuries such as back injuries increase
the number of days away from work (National Occupational Research Agenda 1996). In
addition, several studies claimed that using worker compensation claims to estimate the cost
of injury underreports the actual burden of the injury; injured workers may choose not to file
a claim for a variety of reasons: unfamiliarity about the system, legal status, fear of losing
job or mistrust from filing with supervisors or even fellow employees (Azaroff et al. 2002,
Boden and Ozonoff 2008, Boden et al. 2001, Eisenberg and McDonald 1988). Boden et al.
(2001) suggested that the true economic burden of an injury to an employer includes the
indirect costs of hiring and training replacements, the impact on the productivity of new
workers and coworkers and the administrative and supervisory time devoted to an injury.
Other indirect costs include loss of teamwork and communication, and reduced motivation
for training (Koopmanschap et al. 1995, Van Beek et al. 1997, Berger et al. 2001).
Limitation
Several limitations are noted. One of the main limitations is that the BLS data was subject to
the employee’s recollection of the incident and identifying the environmental risk factors.
The narrative analysis method is limited by the completeness and consistency of the
available text data (Lincoln et al. 2004). For instance, Lombardi et al. (2005) reported that it
is not known whether words were truncated, forgotten, omitted or even lost in conversation
by those reporting or recording the claim. There is growing evidence that the annual BLS
Survey of Occupational Injuries and Illnesses underestimates the true injury burden due to
the underreporting of injuries (Azaroff et al. 2002, Boden and Ozonoff 2008). A study by
Leigh et al. (2004) elaborated further, reporting that the Annual Survey missed from 33% to
69% of nonfatal injuries in 1999.
Another limitation is that the compensation costs taken from the Liberty Mutual (WSI) only
reports the worker compensation cost for employees who missed six or more days away
from work. Thus, we believe the actual number of falls and costs may be higher than what is
reported in this study. Although the extrinsic factors, such as floor surfaces, are reported by
the BLS, the intrinsic factors such as past history of falls, medication usage, physical and
mental conditions (tiredness, diseases, fatigue), which often increase the risk of falls, were
not noted. Lack of information on confounding factors such as body mass index is another
limitation of this study, as obese adults fell almost twice as frequently (27%) as their lean
counter parts (15%) per year (Fjeldstad et al. 2008), and are at higher risk of fall (Matter et
al. 2007, Wu et al. 2012 ). Moreover, this study was unable to determine the impact the
organization’s safety culture may have had on fall injuries. Despite the limitations, the
findings allow us to form a useful picture around the risk and cost of “fall on same level”
injuries and have helped to determine where more information is required.
Conclusion
This paper describes the nonfatal “fall on same level” injuries in a large population of
private industry workers in the United States. Overall, workers in the health care and social
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assistance industry, the transportation and warehousing industry, and the accommodation
and food services industry had the highest risk for nonfatal workplace “fall on same level”
injuries. Apropos to gender and age groups, female workers had the highest risk of falls,
while advancing age was congruent with a rise in incidence rates. Over 30% of “fall on same
level” injuries resulted in 31 or more workdays being lost. This study also indicated that
more than 70% of injured workers had more than one year experience with the company
when the accident occurred. The most affected body parts were the lower extremities and the
trunk. Floor and ground surfaces were the major determinant in fall injuries, and “fall on
same level” accidents have been ranked second as a leading cause of injuries during the 4
year period being studied.”
This information can be used to prioritize designing and implementing preventive measures
in U.S. private industry and to provide workers with the understanding of risk factors
associated with falls in the workplace. Leamon and Murphy (1995) concluded that “based
on the frequency and costs to industry and workers, prevention of falls should be given a
high priority.” Preventive actions by the employer should be multidimensional, including a
review of organizational practices and policies, work environment, health management
programming, and options for employees to update professional competencies. As the
workforce ages, we recommend that educating older workers to be more aware of their
physical and cognitive limitations may be the first step towards alleviating the impact of age
on the risk of “fall on same level” injury. Additionally, employers can play a critical role by
monitoring working arrangements and facilitating appropriate adjustments in the physical
work environment. Further investigations of gender, age, and occupation-specific prevention
measures may be beneficial for workers.
Acknowledgments
Funding from the NSF (Grant#CBET-0756058) and NIOSH (Grant #CDC/NIOSH-R01-OH009222) supported this
research. We acknowledge the help and cooperation of the Bureau of Labor Statistics and the National Safety
Council, without which this study could not have been done. Our special thanks to Marcus Newland of the Bureau
of Labor Statistics for his help in preparing the data.
References
An Independent Socialist Magazine. Notes from the Editors. Monthly Review. An Independent
Socialist Magazine. 2009; 60(11):1–64.
Alamgir H, Swinkels H, Yu S, Yassi A. Occupational injury among cooks and food service workers in
the healthcare sector. Am J Ind Med. 2007; 50(7):528–535. [PubMed: 17557281]
Azaroff LS, Levenstein C, Wegman DH. Occupational injury and illness surveillance: Conceptual
filters explain underreporting. Am J Public Health. 2002; 92:1421–1429. [PubMed: 12197968]
Bell JL, Collins JW, Wolf L, Grönqvist R, Chiou S, Chang WR, Sorock GS, Courtney TK, Lombardi
DA, Evanoff B. Evaluation of a Comprehensive Slip, Trip, and Fall Prevention Program for
Hospital Employees. Ergonomics. 2008; 51(12):1906–1925. [PubMed: 18932056]
Bentley TA, Haslam RA. Slip, trip and fall accidents occurring during the delivery of mail.
Ergonomics. 1998; 41(12):1859–1872. [PubMed: 9857843]
Berger ML, Murray JF, Xu J, Pauly M. Alternative valuations of work loss and productivity. Occup
Environ Med. 2001; 43:18–24.
Biel C. Die Reibung in Gleitlagern bei Zusatz von Voltool zu Mineralol und bei Veranderung der
Umlaufzahl und der Temperatur. VDI-Zeitschrift. 1920; 64:449–483.
Boden LI, Biddle EA, Spieler EA. Social and economic impacts of workplace illness and injury:
current and future directions for research. Am J Ind Med. 2001; 40:398–402. [PubMed: 11598990]
Boden LI, Ozonoff A. Capture-recapture estimates of nonfatal workplace injuries and illnesses. Ann
Epidemiol. 2008; 18:500–506. [PubMed: 18083542]
Yeoh et al. Page 9













Breslin FC, Smith P. Trial by fire: A multivariate examination of the relation between job tenure and
work injuries. Occupational and Environmental Medicine. 2006; 63:27–32. [PubMed: 16361402]
Bunn TL, Slavova S, Bathke A. Data linkage of inpatient hospitalization and workers’ claims data sets
to characterize occupational falls. J Ky Med Assoc. 2007; 105(7):313–320. [PubMed: 17715679]
Bureau of Labor Statistics. Incidence rates for nonfatal occupational injuries and illnesses involving
days away from work per 10,000 full-time workers by industry and selected events or exposures
leading to injury or illness, 2006. Washington, DC: US Department Of Labor; 2007.
Bureau of Labor Statistics. [Accessed 24 December 2011] Nonfatal Occupational Injuries and
Illnesses, Private Industry Case and Demographics. 2008. [online]. Available from: http://
stats.bls.gov/iif/oshwc/osh/case/osch0040.pdf
Bureau of Labor Statistics. [Accessed 24 December 2011] Census of Fatal Occupational Injuries
(Preliminary Results). 2010a. [online]. Available from: http://www.bls.gov/news.release/pdf/
cfoi.pdf
Bureau of Labor Statistics. [Accessed 24 December 2011] Labor force statistics from the Current
Population Survey. 2010b. Available from http://data.bls.gov/PDQ/outside.jsp?survey=ln
Bureau of Labor Statistics. [Accessed 24 December 2011] Case and Demographic Characteristics for
Work-related Injuries and Illnesses Involving Days Away From Work 2006–2010. 2011.
Available from: http://www.bls.gov/iif/oshcdnew.htm
Bureau of Labor Statistics. [Accessed 24 September 2012] Labor Force Statistics from the Current
Population Survey. 2012. Available from: http://data.bls.gov/pdq/querytool.jsp?survey=ln
Butler RJ, Johnson WG, Baldwin ML. Managing work disability: why 1st return to work is not a
measure of success. Industr Labor Relat Rev. 1995; 48:452–469.
Butler EE, Colon I, Druzin ML, Rose J. Postural equilibrium during pregnancy: decreased stability
with an increased reliance on visual cues. Am J Obstet Gynecol. 2006; 195:1104–1118. [PubMed:
16846574]
Cattledge GH, Schneiderman A, Stanevich R, Hendricks S, Greenwood J. Nonfatal occupational fall
injuries in the West Virginia construction industry. Accid Anal Prev. 1996; 28:655–663. [PubMed:
8899047]
Centers for Disease Control and Prevention. Nonfatal occupational injuries and illnesses among older
workers – United States, 2009. MMWR Morb Mortal Wkly Rep. 2011; 60:503–508. [PubMed:
21527887]
Chang WR, Chang CC, Matz S, Lesch MF. A Methodology to Quantify the Stochastic Distribution of
Friction Coefficient Required for Level Walking. Applied Ergonomics. 2008; 39(6):766–771.
[PubMed: 18187104]
Chau N, Wild P, Dehaene D, Benamghar L, Mur JM, Touron C. Roles of age, length of service and job
in work-related injury: a prospective study of 446–120 person-years in railway workers. J Occup
Environ Med. 2010; 67(3):147–153.
Cherry N, Parker G, McNamee R, Wall S, Chen Y, Robinson J. Falls and fractures in women at work.
Occup Med. 2005; 55:292– 297.
Chipman ML. Risk factors for injury: similarities and differences for traffic crashes and other causes.
Accid Anal Prev. 1995; 27(5):699–706. [PubMed: 8579700]
Cohen HH, Lin L. A scenario analysis of ladder fall accidents. J Safety Res. 1991; 22:31–39.
Cotnam, JP.; Chang, WR.; Courtney, TK. A retrospective study of occupational slips, trips, and falls
across industries. Proceedings of the 44th Annual International Ergonomics Association/Human
Factors Ergonomics Society Congress; San Diego, Santa Monica, CA: Human Factors and
Ergonomics Society; 2000. p. 473-476.
Courtney TK, Sorock GS, Manning DP, Collins JW, Holbein-Jenny MA. Occupational Slip, Trip, and
Fall-Related Injuries – Can the Contribution of Slipperiness Be Isolated? Ergonomics. 2001;
44(13):1118– 1137. [PubMed: 11794761]
Courtney TK, Webster BS. Antecedent factors and disabling occupational morbidity insights from the
new BLS data. American Industrial Hygiene Association Journal. 2001; 62:622–632. [PubMed:
11669389]
Courtney TK, Matz S, Webster BS. Disabling occupational injury in the US construction industry,
1996. J Occup Environ Med. 2002; 44(12):1161–1168. [PubMed: 12500458]
Yeoh et al. Page 10













Courtney, TK.; Wellman, HM.; Filiaggi, A. Disabling occupational restaurant injuries in the US. Oral
presentation at the xvii World Congress on Safety and Health at Work; 19–22 September 2005;
Orlando, FL. Itasca, IL: National Safety Council; 2005.
Davies JC, Manning DP, Kemp GJ, Frostick SP. The rising number of underfoot accidents after the
menopause causes both fractures and non-fracture injuries. QJM. 2001; 94:699– 707. [PubMed:
11744791]
Dohm A. Gauging the labor force effects of retiring baby boomers. Mon Labor Rev. 2000 Jul 17–25.
Eisenberg WM, McDonald H. Evaluating workplace injury and illness records; testing a procedure.
Monthly Labor Review. 1988:58–60.
Englander F, Hodson TJ, Terregrossa RA. Economic dimensions of slip and fall injuries. Journal of
Forensic Science. 1996; 41:733–746.
Evenson K, Moos M, Carrier K, Siega-Riz A. Perceived barriers to physical activity among pregnant
women. Matern Child Hlth J. 2009; 13(3):364–375.
Federal Highway Administration. Slips and Falls – Truck related Personal Injury Accidents Bureau of
Motor Carrier Safety. Federal Highway Administration; Washington, D.C: 1997.
Filiaggi AJ, Courtney TK. Responding to disabling occupational injuries in restaurants: Practice-based
approaches. Prof Saf. 2003; 48(5):18–23.
Fjeldstad C, Fjeldstad AS, Acree LS, Nickel KJ, Gardner AW. The influence of obesity on falls and
quality of life. Dynamic Medicine. 2008; 7(4)
Frank AL. Injuries related to shiftwork. Am J Prev Med. 2000; 18:33–36. [PubMed: 10793279]
Frone MR. Predictors of work injuries among employed adolescents. J Appl Psychol. 1998; 83:565–
76. [PubMed: 9729926]
Gao C, Holmer I, Abeysekera J. Slips and falls in a cold climate: Underfoot surface, footwear design
and worker preferences for preventive measures. Applied Ergonomics. 2008; 39:385–391.
[PubMed: 17880907]
Garr, E. Older Americans in the recession: More are staying in the workforce, more are losing their
jobs. Washington, DC: Economic Policy Institute; 2009. Issue Brief #251
Gauchard G, Chau N, Mur JM, Perrin P. Falls and working individuals: Role of extrinsic and intrinsic
factors. Ergonomics. 2001; 44:1330–1339. [PubMed: 11900422]
Grönqvist R, Chang WR, Courtney TK, Leamon TB, Redfern MS, Strandberg L. Measurement of
Slipperiness: Fundamental Concepts and Definitions. Ergonomics. 2001; 44(13):1102–1117.
[PubMed: 11794760]
Heller MF, Challis JH, Sharkey NA. Changes in postural sway as a consequence of wearing a military
backpack. Gait Posture. 2009; 30(1):115–117. [PubMed: 19403310]
Ireland ML, Ott SM. The effects of pregnancy on the musculoskeletal system. Clin Orthop Relat R.
2000; 372:169–179.
Kemmlert K, Lundholm L. Slips, trips and falls in different work groups with reference to age. Safety
Science. 1998; 28:59–75.
Kemmlert K, Lundholm L. Slips, trips and falls in different work groups with reference to age and
from a preventive perspective. Applied Ergonomics. 2001; 32:149–153. [PubMed: 11277507]
Kincl LD, Bhattacharya A, Succop PA, Clark CS. Postural sway measurements: a potential safety
monitoring technique for works wearing personal protective equipment. Appl Occup Environ Hyg.
2002; 17:256–266. [PubMed: 11942669]
Koopmanschap MA, Rutten FF, van Ineveld BM, van Roijen L. The friction cost method for
measuring indirect costs of disease. J Health Econ. 1995; 14:171–189. [PubMed: 10154656]
Kuo C, Jamieson DJ, McPheeters ML, Meikle SF, Posner SF. Injury hospitalizations of pregnant
women in the United States 2002. Am J Obstet Gynecol. 2007; 161:e1 e6. [PubMed: 17306664]
Labar G. Standing tall against slips and falls. Occupational Hazards. 1998; 60:40–42.
Laflamme L, Menckel E. Aging and occupational accidents: a review of the literature of the last three
decades. Safety Science. 1995; 21:145–161.
Laflamme L, Menckel E, Lundholm L. The age-related risk of occupational accidents: the case of
Swedish iron-ore miners. Accid Anal Prev. 1996; 28(3):349–57. [PubMed: 8799439]
Yeoh et al. Page 11













Layne LA, Pollack KM. Nonfatal occupational injuries from slips, trips, and falls among older workers
treated in hospital emergency departments, United States 1998. Am J Ind Med. 2004; 46(1):32–41.
[PubMed: 15202123]
Leamon TB, Murphy PL. Occupational slips and falls: more than a trivial problem. Ergonomics. 1995;
38:487– 498. [PubMed: 7729391]
Leigh JP, Marcin JP, Miller TR. An estimate of the U.S. government’s undercount of nonfatal
occupational injuries. Journal of Occupational and Environmental Medicine. 2004; 46(1):10–18.
[PubMed: 14724473]
Leistikow BN, Martin DC, Jacobs J, Rocke DM, Noderer K. Smoking as a risk factor for accident
death: a meta-analysis of cohort studies. Accid Anal Prev. 2000; 32:397–405. [PubMed:
10776858]
Lewis R. Pier 1’s slip-and-fall success. Occupational Health and Safety. 1997; 66(8):34–38.
Liberty Mutual. Workplace Safety Index. Hopkinton, MA: Liberty Mutual Research Institute; 2010.
Available at: http://www.libertymutual.com
Lincoln AE, Sorock GS, Courtney TK, Wellman HM, Smith GS, Amoroso PJ. Using narrative text
and coded data to develop hazard scenarios for occupational injury interventions. Inj Prev. 2004;
10:249–254. [PubMed: 15314055]
Lipscomb HJ, Glazner JE, Bondy J, Guarini K, Lezotte D. Injuries from slips and trips in construction.
Applied Ergonomics. 2006; 37:267–274. [PubMed: 16212931]
Lockhart TE, Woldstad JC, Smith JL, Ramsey JD. Effects of age related sensory degradation on
perception of floor slipperiness and associated slip parameters. Safety Science. 2002; 40:689–703.
[PubMed: 20607132]
Lockhart TE, Woldstad JC, Smith JL. Effects of age-related gait changes on biomechanics of slips and
falls. Ergonomics. 2003; 46(12):1136–1160. [PubMed: 12933077]
Lombardi DA, Pannala R, Sorock GS, Wellman H, Courtney TK, Verma S, Smith GS. Welding
related occupational eye injuries: a narrative analysis. Injury Prevention. 2005; 11:174–179.
[PubMed: 15933411]
Matter KC, Sinclair SA, Hostetler SG, Xiang H. A comparis on of the characteristics of injuries
between obese and non-obese in patients. Obesity. 2007; 15(10):2384–2390. [PubMed: 17925463]
McNamee R, Kemmlert K, Lundholm L, Cherry NM. Injuries after falls at work in the United
Kingdom and Sweden with special reference to fractures in women over 45. Occup Environ Med.
1997; 54:785–92. [PubMed: 9538350]
Merrifield HH. Female gait patterns in shoes with different heel heights. Ergonomics. 1971; 14:411–
417. [PubMed: 5096455]
Miller J. Efforts to reduce truck and bus operator hazards. Human Factors. 1976; 18(6):533–550.
Morrison MS. Drug emporium stops slips: The products are like an invisible safety net for our
customer’s protection. Occupational Health and Safety. 1999; 68:64–68. [PubMed: 10081834]
Musich S, McDonald T, Chapman LS. Health promotion strategies for the Boomer generation:
Wellness for the mature worker. American Journal of Health Promotion, The Art of Health
Promotion. 2009; 23:1–9.
Nag PK, Patel VG. Work accidents among shift workers in industry. International Journal of Industrial
Ergonomics. 1998; 21:275–81.
National Occupational Research Agenda. Priority Research Areas: Low Back Disorders. Department
of Health and Human Services, Public Health Service, Center for Disease Control and Prevention,
National Institute for Occupational Safety and Health; 1996.
National Safety Council. [Accessed 24 December 2011] Report on injuries in America 2002. 2002.
Available from: www.nsc.org/library/report_injury_usa.htm
National Safety Council. Report on injuries in America (unintentional death). National Safety Council;
Itasca, IL: 2006.
Nicholson AS, David GC. Slipping, tripping and falling accidents to delivery drivers. Ergonomics.
1985; 7:977–991. [PubMed: 4043032]
Opila-Correia KA. Kinematics of high heeled gait. Arch Phys Med Rehab. 1990; 71:304–309.
Yeoh et al. Page 12













Park K, Hur P, Rosengren KS, Horn GP, Hsiao-Wecksler ET. Effect of load carriage on gait due to
firefighting air bottle configuration. Ergonomics. 2010; 53(7):882–891. [PubMed: 20582769]
Qu X, Nussbaum MA. Effects of external loads on balance control during upright stance: experimental
results and model-based predictions. Gait Posture. 2009; 29(1):23–30. [PubMed: 18632273]
Redfern MS, Cham R, Gielo-Perczak K, Grönqvist R, Hirvonen M, Lanshammar H, Marpet M, Pai
CYC, Powers C. Biomechanics of Slips. Ergonomics. 2001; 44(13):1138–1166. [PubMed:
11794762]
Rogers E, Wiatrowski WJ. Injuries, illnesses, and fatalities among older workers. Mon Labor Rev.
2005; 128:24–30.
Schiff MA, Holt VL, Daling JR. Maternal and infant outcomes after injury during pregnancy in
Washington State from 1989 to 1997. J Trauma. 2002; 53(5):939–945. [PubMed: 12435947]
Schiffman JM, Bensel CK, Hasselquist L, Gregorczyk KN, Piscitelle L. Effects of carried weight on
random motion and traditional measures of postural sway. Appl Ergon. 2006; 37:607–614.
[PubMed: 16356467]
Snow RE, Williams KR. High heeled shoes: Their effect on center of masse. position, posture, three
dimensional kinematics, rearfoot motion, and ground reaction forces. Arch Phys Med Rehab.
1994; 75:568–576.
Stevens JA, Sogolow ED. Gender differences for non-fatal unintentional fall related injuries among
older adults. Inj Prev. 2005; 11:115–19. [PubMed: 15805442]
Swaen GM, Van Amelsvoort LG, Bültmann U, Kant IJ. Fatigue as a risk factor for being injured in an
occupational accident: results from the Maastricht Cohort Study. Occup Environ Med. 2004;
60(Suppl 1):i88–92. [PubMed: 12782753]
The U.S. Department of Labor. [Accessed 24 December 2011] Code of Federal Regulations - 30 CFR
46.8. Annual refresher training. Available from: http://www.msha.gov/30cfr/46.8.HTM
Toossi M. Labor force projections to 2016: more workers in their golden years. Mon Labor Rev. 2007;
130:33–52.
U.S. Department of Labor. Bureau of Labor Statistic (USDOL-BLS), BLS Handbook of Methods. Vol.
2490. Washington, DC: US Government Printing Office; 1997. p. 70-88.
U.S. Department of Labor Bureau of Labor Statistics. [Accessed 24 December 2011] Occupational
Injury and Illness Classification Manual. 2012 Jan. http://www.bls.gov/iif/oiics_manual_2010.pdf
Van Beek E, Van Roijen L, Mackenbach JP. Medical costs and economic production losses due to
injuries in the Netherlands. J Trauma. 1997; 42:1116–1123. [PubMed: 9210552]
Veazie MA, Landen DD, Bender TR, Amandus HE. Epidemiologic research on the etiology of injuries
at work. Annu Rev Public Health. 1994; 15:203–221. [PubMed: 8054082]
Weiss HB, Sauber-Schatz EK, Cook LJ. The epidemiology of pregnancy-associated emergency
department injury visits and their impact on birth outcomes. Accident Anal Prev. 2008; 40(3):
1088–1095.
Wellman, HM.; Filiaggi, AJ.; Courtney, TK. Occupational injuries in US restaurants – An analysis of
insurance claims data. Oral presentation at the xvii World Congress on Safety and Health at Work;
19–22 September 2005; Orlando, FL. Itasca, IL: National Safety Council; 2005.
Wells S, Macdonald S. The relationship between alcohol consumption patterns and car, work, sports
and home accidents for different age groups. Accid Anal Prev. 1999; 31:663–665. [PubMed:
10487341]
Wu X, Lockhart TE, Yeoh H. Effects of obesity on slip-induced fall risks among young male adults.
Journal of Biomechanics. 2012; 45(6):1042–1047. [PubMed: 22304846]
Yoon HY, Lockhart TE. Nonfatal occupational injuries associated with slips and falls in the US.
International Journal of Industrial Ergonomics. 2005; 36:83–92. [PubMed: 20607131]
Zultowski, Aruin A. Carrying loads and postural sway in standing: the effect of load placement and
magnitude. Work. 2008; 30(4):359–368. [PubMed: 18725699]
Yeoh et al. Page 13














This research presents a unique and detailed analysis of nonfatal “fall on same level”
injuries in a large population of workers from various private industries in the United
States. This information can be used to prioritize designing and implementing preventive
measures and to provide workers with the understanding of risk factors associated with
falls in the workplace.
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Percentage of occupational injuries by fall-related events in private industry [SOURCE:
Bureau of Labor Statistics, U.S. Department of Labor]
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Number of incidences per 10,000 full-time workers for non-fatal occupational injuries in
major US industries [SOURCE: Bureau of Labor Statistics, U.S. Department of Labor]
Yeoh et al. Page 16





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Yeoh et al. Page 22
Table 5
Compensated cost for top 10 major occupational injuries and “fall on same level” related injuries
Year
All Events Fall on same level
Cost ($b) Cost ($b) Percent
2006 48.6 6.4 13.2
2007 53.0 7.7 14.5
2008 53.4 8.4 15.7
2009 50.1 7.9 15.8
Note: compensation costs for injuries involving 6 or days away from work only
SOURCE: Liberty Mutual WSI
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